Objective: Recall and recognition memory abilities are known to decline with increasing age, yet much of the evidence stems from studies that used simple measures of total target recall or recognition. The California Verbal Learning Test-Second Edition (CVLT-II) includes a new measure of recall discriminability that is analogous to recognition discriminability. These discriminability measures yield more thorough assessments of recall and recognition by accounting for intrusion and false positive errors, respectively. Research also has shown that women outperform men on verbal episodic memory tests. However, gender differences in recall and recognition discriminability and the age-by-gender interaction on these constructs have not been thoroughly examined. Method: Cognitively healthy adults (N = 223) 18-91 years in age completed the CVLT-II. Multiple regression analyses were conducted to examine effects of age, gender, and the age-by-gender interaction on CVLT-II subtypes of recall and recognition discriminability. Results: Discriminability scores decreased with increasing age, and women outperformed men. There was an age-by-gender interaction on total, immediate, and free recall discriminability -the negative association between age and scores was stronger in men than in women. Exploratory analyses revealed an inverted U-shaped relationship between age and recall discriminability scores in women. Conclusions: The present findings support and expand upon the extant literature on aging, gender, and verbal episodic memory, plus describe a novel age-by-gender interaction intrinsic to subtypes of recall discriminability. The findings suggest that methods traditionally used to assess recognition memory function can be used to elucidate age-and gender-related changes in recall ability across the adult lifespan.
Introduction
Older adults generally perform more poorly than young adults on tests of verbal episodic memory, including simple measures of recall and recognition found on the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987; Ebert & Anderson, 2009; Kausler, 1994; Turner & Pinkston, 1993; Van der Linden, Philippot, & Heinen, 1997; WoodruffPak & Finkbiner, 1995) . Additionally, women tend to perform better than men on tests of verbal episodic memory including the CVLT (Bleecker, Bolla-Wilson, Agnew, & Meyers, 1988; Herlitz, Nilsson, & Backman, 1997; Kramer, Delis, & Daniel, 1988; Kramer, Yaffe, Lengenfelder, & Delis, 2003; Lundervold, Wollschlager, & Wehling, 2014; Rabbitt, Donlan, Watson, & McInnes, 1995) , and evidence suggests that gender may moderate the effects of healthy aging on verbal episodic memory decline. For example, one CVLT study reported that men show a steeper age-related decline than women in the transition from middle to older age on CVLT-II (Delis, Kramer, Kaplan, & Ober, 2000) indices of learning, recall, recognition, semantic clustering, consistency, primacy effect, intrusions, and false positives (Lundervold et al., 2014) . However, this study did not include a young adult group for comparison or an assessment of the recall and recognition discriminability subtypes that are available with the CVLT-II. Another study reported that performances on Trial 5 recall, long delay free recall, and (total) recognition discriminability were negatively correlated with age in younger (16-47 years) and older (55-89 years) men and in older but not younger women (Kramer et al., 2003) . However, this study also did not examine performance on all CVLT-II subtypes of recall and recognition discriminability and excluded healthy adults ranging 48-54 years in age. Nonetheless, as Kramer and colleagues (2003) noted, examining the interactive effect of age and gender on verbal episodic memory decline is important in light of the existing evidence for earlier and more extensive age-related decreases in cortical gray matter in men relative to women, particularly in the left hemisphere, as well as evidence for a positive influence of estrogen and estradiol on verbal memory performance in women. Taken together, the extant literature suggests that further investigation of verbal episodic memory using more thorough measures of recall and recognition and more comprehensive samples that include a wider range of the human lifespan may improve efforts to elucidate the age-related trajectory of verbal episodic memory decline.
Recall and recognition refer to two mechanisms by which encoded information may be retrieved from memory. In contrast to recall, recognition involves retrieval in the presence of a cue and therefore requires less depth of processing. Accordingly, recognition has been shown to be less impaired than recall as a function of healthy aging (Craik & McDowd, 1987) . Very early methods for assessing recall and recognition yield single scores that reflect the total number of target items recalled or recognized but often do not account for intrusion errors (recall of non-target items) or false-positive errors (recognition of non-target items). Beginning in the mid to late 20th century, signal detection theory (SDT) was applied in studies of recognition memory to more accurately assess recognition memory function by taking sensitivity and response bias into account. Over the last half century, SDT has indeed become a gold standard approach for assessing recognition memory function. Delis and colleagues included a recognition discriminability index on the first edition of the CVLT (Delis et al., 1987) , but it was not until the CVLT-II that the SDT techniques were applied in the assessment of recall to yield a new measure of recall discriminability. Analogous to recognition discriminability, which analyzes hit rates relative to falsepositive rates, recall discriminability is represented as a single score that factors in an examinee's target recall and intrusion rate to yield a more thorough assessment of recall ability. Specifically, Delis and colleagues adapted the method for scoring recognition discriminability using d' (Macmillan & Creelman, 1991) for computing recall discriminability.
In addition to total recall discriminability (i.e., total target recall relative to total intrusion errors), the CVLT-II includes other subtypes of recall discriminability, which are described in more detail in Table 1 . Although it is suspected that both recall and recognition discriminability generally decline with increasing age, the degree to which age-related decline varies across subtypes of recall and recognition discriminability remains to be examined. Furthermore, neither the effect of gender nor an age-by-gender interaction on the subtypes of recall and recognition discriminability has been examined. Thus, the objective of the present study was to explore the effects of age and gender and the age-by-gender interaction on the CVLT-II subtypes of recall and recognition discriminability in a large sample of healthy adults ranging 18-91 years in age.
Method

Participants
Research participants included 223 healthy adults ranging 18-91 years in age, 120 of which were women. The sample included 59 young adults (18-25 years), 59 older adults (aged 65 years and older), and 105 participants between the ages of 25 ) at UCSD using flyers (posted with approval by public sites/institutions) and outreach to senior centers. Exclusionary criteria for healthy adults recruited by all sites included any history of: neurological disorders, stroke, traumatic brain injury (or loss of consciousness lasting more than 30 min), major medical conditions (e.g., cancer and/or current cancer treatment), major psychiatric disorders (with the exception of a mood disorder for which symptoms are managed with medication), substance abuse disorder, learning disability, insufficient proficiency of the English language, and any major vision or hearing difficulty that would affect testing. Participants provided informed written consent for participation approved by the Institutional Review Boards of SDSU and UCSD.
CVLT-II
The CVLT-II was administered to all participants using standard administration procedures outlined by Delis and colleagues (2000) . The CVLT-II involves the presentation of word-lists and provides a multitude of verbal learning and memory indices, including immediate recall, free and cued recall over short and long delays, and recognition memory. In the present study, short-and long-delay tests of recall were separated by an interval of approximately 20 min, during which other nonverbal neuropsychological measures were administered. All subtypes of recall and recognition discriminability were of primary interest in the present study. Only raw recall and recognition discriminability scores were examined as standardized scores are corrected for age and gender on the CVLT-II and the use of standardized scores would therefore not allow the aims of the present study to be addressed. CVLT-II data were scored using CVLT-II software (Delis & Fridlund, 2000) .
Statistical Analyses
Analyses were conducted in the Statistical Package for the Social Sciences (SPSS) Version 22. Multiple regression analyses were used to examine effects of age and gender on indices of recall and recognition memory, while controlling for other demographic factors when appropriate. Table 2 . Men and women in the study sample did not differ in average age or years of education (ps > .05). Older adults completed significantly more years of education than young adults (p < .001) and middle-aged adults (p < .05); young and middle-aged adults did not differ in years of education completed (p > .05). Education was included as a covariate in regression analyses. No other variables were controlled for in regression analyses.
Results
Demographic information is presented in
Effects of Age and Gender and the Age-by-gender Interaction on Recall and Recognition Discriminability
Multiple regression analyses were conducted to examine the effects of age and gender and their interaction on recall and recognition discriminability scores, while controlling for years of education. Main effects of age and gender and the age-bygender interaction term were included in the same regression model. Scores on all subtypes of recall discriminability (total, immediate, free, delayed, cued) and recognition discriminability (total, source, semantic, novel) were examined. Bonferroni corrections for multiple corrections were applied (α = .05/9 = .005).
Analyses revealed a significant omnibus effect of age, gender, and the age-by-gender interaction on all subtypes of recall and recognition discriminability: total recall discriminability, F(4, 218) = 21.68, p < .001, R 2 = .29; immediate recall discriminability, F(4, 218) = 19.29, p < .001, R 2 = .26; delayed recall discriminability, F(4, 218) = 15.05, p < .001, R 2 = .22; free recall discriminability, F(4, 218) = 20.65, p < .001, R 2 = .26; cued recall discriminability, F(4, 218) = 15.11, p < .001, R 2 = .22; total recognition discriminability, F(4, 218) = 16.12, p < .001, R 2 = .23; source recognition discriminability, F(4, 218) = 13.40, p < .001, R 2 = .20; semantic recognition discriminability, F(4, 218) = 17.34, p < .001, R 2 = .24; and novel recognition discriminability, F(4, 218) = 12.98, p < .001, R 2 = .19.
Effect of age on recall and recognition discriminability. Multiple regression analyses revealed a significant main effect of age on all subtypes of recall and recognition discriminability (ps < .001). As age increased, recall and recognition discriminability scores significantly decreased. Inferential and descriptive statistics for the effect of age on each subtype of recall and recognition discriminability are provided in Table 3 .
Effect of gender on recall and recognition discriminability. Multiple regression analyses also revealed a significant main effect of gender on all subtypes of recall and recognition discriminability (ps < .005). Women had significantly higher scores than men on all subtypes of recall and recognition discriminability. Exploratory bivariate correlation analyses revealed that total recall and recognition discriminability scores were significantly correlated in the study sample, r(222) = .76, p < .001, and that this correlation was observed in both men, r(103) = .80, p < .001, and women, r(120) = .68, p < .001. Inferential and descriptive statistics for the effect of gender on each subtype of recall and recognition discriminability are provided in Table 4 .
Age-by-gender interaction on recall and recognition discriminability. Furthermore, multiple regression analyses revealed a significant age-by-gender interaction on total, immediate, and free recall discriminability (see Table 5 ). Post-hoc regression analyses were conducted to examine the simple effects of age on total, immediate, and free recall discriminability scores in men and women. For these subtypes of recall discriminability, the negative association between age and scores was stronger in men than in women. Inferential and descriptive statistics for the age-by-gender interaction on each subtype of recall and recognition discriminability are provided in Table 5 . Additional analyses were conducted to elucidate the nature of observed gender differences in recall and recognition discriminability. Independent t-tests revealed that women scored significantly higher than men on Trials 1-5 Recall, t(221) = 4.01, p < .001, Short Delay Free Recall, t(221) = 3.32, p = .001, Long Delay Free Recall, t(221) = 2.73, p = .007, and Long Delay Cued Recall, t(221) = 3.20, p = .002, and that men made significantly more intrusion errors than women on total recall, Note: sr = the semipartial correlation coefficient, which measures the relationship between discriminability scores and age after partialling out the correlations between age and other predictors in the model; the R 2 change after including age in the regression model is equal to the squared semipartial correlation (i.e., sr 2 ).
t(221) = 2.83, p = .005, delayed recall, t(221) = 3.07, p = .002, and cued recall, t(221) = 3.45, p = .001, after correcting for multiple comparisons (α = .01). Additionally, women had significantly more hits on recognition than men, t(221) = 2.37, p = .019, and men made significantly more false positive errors than women, t(221) = 2.79, p = .006. This evidence highlights the importance of using discriminability measures that take intrusion and false positive errors into account in the assessment of recall and recognition abilities. Furthermore, these exploratory findings are based on a sample of healthy adults, and it is likely that more robust gender differences in intrusion and false positive errors would be observed in more cognitively impaired samples.
Analysis of Linear and Quadratic Effects of Age on Recall and Recognition Discriminability in Men and Women
Since previous research has suggested that a quadratic effect of age on verbal episodic memory may be present in women (Lundervold et al., 2014) , regression analyses also were conducted to test for linear and quadratic effects of age on recall and recognition discriminability scores in men and women separately, while controlling for years of education. Bonferroni corrections for multiple corrections were applied (α = .05/9 = .005). The analyses revealed a significant quadratic effect of age (over and above a linear effect) on all subtypes of recall discriminability in women: total recall -F(1, 116) = 15.57, p < .001; immediate recall -F(1, 116) = 11.91, p = .001; delayed recall -F(1, 116) = 16.80, p < .001; free recall -F(1, 116) = 16.96, p < .001; cued recall -F(1, 116) = 11.79, p = .001. The quadratic effect in women reflected an inverted U-shaped relationship between age and scores. Age effects on total recall discriminability scores in men and women are illustrated in Fig. 1 . Note: sr = the semipartial correlation coefficient, which measures the relationship between discriminability scores and gender after partialling out the correlations between gender and other predictors in the model; the R 2 change after including gender in the regression model is equal to the squared semipartial correlation (i.e., sr 2 ). Note: sr = the semipartial correlation coefficient, which measures the relationship between discriminability scores and the age-by-gender interaction after partialling out the correlations between the age-by-gender interaction and other predictors in the model; the R 2 change after including the age-by-gender interaction term in the regression model is equal to the squared semipartial correlation (i.e., sr 2 ).
Discussion
The present study examined the effects of age and gender and the age-by-gender interaction on the CVLT-II subtypes of recall and recognition discriminability in a sample of healthy men and women ranging 18-91 years in age. Two notable differences of the present study relative to previous work examining age and gender effects on verbal episodic memory were the inclusion of a large adult sample with a wide age range and the examination of multiple, more thorough indices of verbal recall and recognition. Although discriminability indices have traditionally been used to assess recognition memory function, the same methods have only recently been applied in the assessment of recall ability. Thus, the present analyses of the effects of age and gender and their interaction on recall discriminability in particular are novel and informative.
There was a significant age-by-gender interaction on all total, immediate, and free recall discriminability. Although recall discriminability scores generally decreased with increasing age, men demonstrated a stronger negative association between age and scores than women. This finding supports and expands upon Lundervold and colleagues' (2014) report of lower performance in men than women with a steeper age-related decrease in men. Additionally, a quadratic effect reflecting an inverted U-shaped relationship between age and all subtypes of recall discriminability was observed in women but not in men in the present study. Together, these observations complement findings reported by Kramer and colleagues (2003) suggesting that verbal memory decreases with increasing age in younger men but not in younger women (16-47 years), whereas both older men and women (55-89 years) show age-related impairment. Kramer and colleagues (2003) interpreted their findings to be in line with the evidence from previous studies for a positive effect of estrogen (Carlson & Sherwin, 2000; Drake et al., 2000; Maki, Zonderman, & Resnick, 2001; Sherwin, 1999 Sherwin, , 2000 Verghese et al., 2000) on verbal memory in women. Although hormone levels were not examined in the present study, the observation of an inverted U-shaped relationship between age and recall discriminability scores in women is in line with this evidence. Similar to the findings reported by Kramer and colleagues (2003) , the present findings also complement evidence from neuroimaging studies for earlier and more extensive hippocampal atrophy in men relative to women (Coffey et al., 1998; Gur et al., 1991; Pruessner, Collins, Pruessner, & Evans, 2001 ). Moreover, a longitudinal study of aging and memory reported that women outperform men on episodic memory up until the age of approximately 70 years, after which these gender differences begin to diminish (Herlitz et al., 1997) . Although the present study utilized cross-sectional data, the observation of an inverted U-shaped relationship between age and recall discriminability scores in women complements the findings reported in the study by Herlitz and colleagues (1997) .
No age-by-gender interaction effects on recognition discriminability measures were observed. Recognition memory has been shown to be less impaired than recall in healthy aging (Craik & McDowd, 1987) . Thus, it was not surprising to see that the present study provided evidence for more robust age-by-gender interaction effects on recall discriminability using a sample of healthy adults. However, more robust interaction effects on recognition discriminability could perhaps be expected in more cognitively impaired populations.
In general, scores on all subtypes of recall and recognition discriminability decreased with increasing age. This finding is consistent with and expands upon evidence from earlier studies of age-related impairment in verbal episodic memory that used samples with more restricted age groups and ranges (Delis et al., 1987; Ebert & Anderson, 2009; Kausler, 1994; Turner & Pinkston, 1993; Van der Linden et al., 1997; Woodruff-Pak & Finkbiner, 1995) . Additionally, women performed better Fig. 1 . Relationship between age and total recall discriminability scores in men and women. Solid line represents linear effect of age on scores and dotted line represents quadratic effect of age on scores.
than men on all subtypes of recall and recognition discriminability, which also is consistent with and expands upon previous evidence of a tendency of women to outperform men on tasks of verbal episodic memory (Bleecker et al., 1988; Herlitz, et al., 1997; Kramer et al., 1988; Lundervold et al., 2014; Rabbitt et al., 1995) .
Given that the findings of the present study were based on retrospective analyses using archival data, we were unable to locate ethnicity data on all participants in the study sample. We acknowledge that this is a limitation of the present study and we believe it will be important for future studies to more closely examine and address the generalizability of age and gender effects on recall and recognition memory function across diverse samples of individuals.
The present findings demonstrate that the negative association between age and recall discriminability is stronger in men than in women. Additionally, there is a fairly linear negative association between age and recall discriminability in men, whereas the negative association between age and recall discriminability appears to be more robust in later years in women. The present findings bolster the existing literature on age, gender, and verbal episodic memory by offering novel insight into the effects of age and gender and the age-by-gender interaction on more thorough indices and subtypes of recall and recognition discriminability.
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